The purpose of this non-equivalent control group quasi-experimental study was to determine the difference between the effect of consonant and dissonant music therapy on the autonomic nervous system and stress management. Participants were thirty-eight college students that were enrolled between August 2, 2015 and September 7, 2015. Twenty-one (F = 4.66, p= 0.038), and sympathetic nerve activity (F= 4.65, p=0.038) compared with the control group.
Introduction
People who live in modern society suffer from numerous types of stress due to everyday life demands and heavy workloads. Stress occurs when an individual feels pressure with regard to one's ability or when one thinks one's well-being is threatened by one's own limitations [1] . This definition of stress describes a specific relationship between the individual and the environment. Stress is also a phenomenon that may disturb homeostasis in the human body. When the stress level increases, the autonomic nervous system activates the sympathetic nervous system, which suppresses the parasympathetic nervous system to maintain homeostasis and in turn increases blood pressure, heart rate, respiratory rate, and blood sugar. Symptoms such as headache, muscle tension, indigestion, and changes in appetite as well as negative emotions such as depression and anxiety occur in response to stress [2] . Various intervention methods are used to relieve stress, including meditation, yoga, music and art therapy, abdominal breathing, and biofeedback. Among these methods, music therapy can be practiced anytime and anywhere without any special equipment or skills.
Music evokes emotional and physiological changes that affect the autonomic nervous and limbic systems in the brain. Based on the evidence that music directly affects human emotion, internal secretions, circulation, respiration, and blood pressure, it has been used to treat patients who are suffering from mental, emotional, and physical problems [3] .
Methods

Research Design
This non-equivalent control group quasi-experimental study was designed to compare the effect of consonant and dissonant music therapy on stress in college students.
Study Participants
Thirty-eight students at Sahmyook University who met study criteria and consented to participate were enrolled in this study between August 2, 2015 and September 7, 2015. Sample size calculations revealed that 17 subjects per group were needed to observe a fixed effect size of 0.5 with 80% power at a significance level of 0.05 (G Power 3.0 program). Thirty-eight subjects were enrolled to account for potential dropouts; however, no subjects dropped out of the study. Subjects were randomized by a coin flip; 21 subjects (heads) were allocated to the experimental group and listened to consonant music, and the remaining 17 subjects (tails) were allocated to the control group and listened to dissonant music. Participants were selected according to the following selection criteria:
• Age 19 years or older • Not taking psychotropic drugs • No heart disease, such as angina pectoris • No hearing or speech problems • Not taking any drugs related to autonomic nervous system function
Research Instruments
In this study, dissonant music was defined as a piece of music that frequently uses non-harmonic pitches or harmony, irregular rhythmic activities, and sharp tempo changes (Table 1) . Dissonant music is also characterized by asymmetric and angular melodies with sharp changes in range, accent, and pattern ( This piece creates sentimental feelings through the successful use of contrapuntal balance between the main melody and the bass, alternating major and minor key areas, and continuous as well as effective rhythmic changes of the triple meter. This composition is a piece that successfully reflects the romantic sensitivity of Frederic Chopin. This piece leads the listener to an emotional climax through characteristic progressions of harmony and melody.
Dissonant Music:
A. Brian Ferneyhough (England, 1943-)
Lemma-Icon-Epigram for Piano Solo
This piece demonstrates contrast across all musical elements, including rhythm, melody, harmony, dynamics, and texture, while dramatically expressing emotion with intensity. This piece uses relatively short tonal ranges and requires high skill and precise performance.
B. Galina Ivanovna Ustvolskaya (Russia, 1919-2006)
Piano Sonata No.6
This composition generates extreme dissonant effects by producing discord overtones from low tone-clusters juxtaposed with a repeated irregular and percussive rhythm.
C. George Crumb (U.S.A, 1923-)
Celestial Mechanics, "Makrokosmos IV," I. Alpha Centauri
This piece is written for two pianos, and is intended to create various colors and effects using different objects in contrast to other normal piano pieces. The dynamic situations at the beginning of the celestial sphere act as a motive in this piece with irregularity, uncertainty, and scalability. 
Autonomic Nervous Activity
The sinoatrial node of the heart receives inputs from the sympathetic and parasympathetic nervous systems. Variations in the R-R interval are the results of these inputs. These variations can be measured from the R-R interval of a normal sinus rhythm that was recorded for 5 minutes on an electrocardiogram. In this study, we measured two indices in the time domain, heart rate variability (HRV) and the standard deviation of the normal-to-normal intervals (SDNN), and three indices in the frequency domain, normalized low frequency power (n-LF), normalized high frequency power (n-HF), and LF/HF, using a heart rate variability analyzer (SA6000, Medicore, Korea). These indices measure and quantify temporal variations in heart beat period due to autonomic nervous activity [9] .
HRV is a measure of the subtle variation in R-R intervals between cardiac cycles.SDNN is the standard deviation of the R-R interval and has a reference range of 30-60 ms. Higher SDNN is representative of higher resistance to stress. High frequencyHF power arises mainly from the parasympathetic nerve and is largely affected by respiration. The reference range of HF is 30-65 nu%, and a higher HF represents higher parasympathetic nerve activity. LF power arises mainly from the sympathetic nerve [10] . The reference range of LF is38-75 nu%, and a higher LF represents higher sympathetic nerve activity. It is normal for the sympathetic nerve to be more activated than the parasympathetic nerve in a 6:4 ratio in the autonomic nervous system. If one nerve is activated, then an attempt is made to achieve homeostasis via feedback control [9] .
Level of Subjective Stress
The stress felt by participants after a stressful event is subjective. In this study, stress was measured via a 10-cm horizontal visual analogue scale. The leftmost score on the line was 0, indicating "no stress at all"; the rightmost score on the line was 10, indicating "the most stress." Subjects were asked to mark their level of stress on the scale. The length (in cm) from the left end of the visual analogue scale to the marked location was converted into a score; a higher score indicated a higher level of stress.
Research Procedure
The co-researcher, a professor in the music department with expertise in composition, generated two types of music files in advance and saved them to an MP3 player. Only two types of piano music were selected for this study.
The first measurement Stress was assessed prior to music exposure via the visual analogue scale. After this stress measurement, participants were divided into experimental and control groups.
The listening duration was fixed at 20 minutes, which is suitable for producing an effect without inducing boredom [8] . Participants were instructed to lie down to listen to the music in a comfortable position. Participants were also instructed to use earphones in order to block background noise and increase concentration. Subjective stress was reassessed after exposure to the music.
In the room in which stress level measurements were conducted, lighting was adjusted to reduce glare, background noise was blocked, and the temperature was maintained at 23-25°C to minimize effects from the environment. In addition, all experiments were performed between 9 a.m. and noon to avoid circadian rhythm variation in HRV.
Participants were instructed to rest for 5 minutes in a supine position before the measurement of autonomic nervous activity and pulse rate. The anode lead of the analyzer was attached to the participant's right wrist, the cathode lead was attached to the participant's left wrist, and the ground reference was attached to the left ankle. Blood pressure was also measured while participants were in a seated position just after autonomic nerve activity measurements and just prior to the subjective stress assessment.
Analysis
Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 21.0. Homogeneity of participant characteristics as well as dependent variables were analyzed using Chi-square and t-tests. Analysis of covariance (ANCOVA) was used to analyze post-test differences in the effect of music therapy on stress between the experimental and control groups.
Results
Homogeneity Test of General Characteristics
There were no significant differences between the two groups on demographic variables known to have an effect on stress, such as personality (X 2 = 0.01, p = 0.973), coffee consumption (X 2 = 0.25, p = 0.498), and blood type (X 2 = 0.44, p = 0.508), which is consistent with previous studies [11] [12] . The results of homogeneity tests revealed no significant differences between the two groups across all participant characteristics (Table 3) . 
Homogeneity Test of Measured Variables
The results of homogeneity tests revealed no significant differences between groups across all dependent variables measured prior to music exposure (Table 4) . 
Effect of Music Therapy on Autonomic Nervous System and Subjective Stress
Music therapy had a positive significant effect on subjective stress (p< .001), parasympathetic nerve activity (F = 4.66, p =.038), and sympathetic nerve activity (F = 4.65, p=.038) compared with the control group (Table 5) . Music composed with consonant elements reduced sympathetic nervous system activity, enhanced parasympathetic nervous system activity, and reduced subjective stress levels. 
Discussion
The results of this study indicate that music composed with consonant elements reduces sympathetic nervous system activity, enhances parasympathetic nervous system activity, and reduces subjective stress levels.
If stress or anxiety occurs, Sympathetic nerve activity is augmented in response to stress or anxiety. As a result, blood pressure and heart rate increase and parasympathetic nerve activity decreases.
Therefore, various functions related to the autonomic nervous system deteriorate. Imbalances in the autonomic nervous system cause various diseases, such as cardiovascular disease [13] . The results of this study suggest that dissonant music provides a stressful signal that stimulates the sympathetic nerve; therefore, norepinephrine and epinephrine are released from the adrenal medulla and peripheral nerve. In contrast, soft consonant music has a calming effect and creates a comfortable atmosphere that adjusts heart and respiratory rhythms, and it relaxes stiff muscles via increases in brain alpha waves [14] . The results of this study suggest that consonant music activates the parasympathetic nervous system. Thus, consonant music acts therapeutically to activate physiological changes in harmony and balance.
It is known that the RR interval maintains a consistent monotonous level during times of rest. However, the R-R interval becomes irregular when the heart interacts with complicated and dynamic physiological processes in response to changes in the internal and external environment [15] . This change in R-R interval is related to an interaction between the parasympathetic and sympathetic nerves, which has an effect on the sinoatrial node. This interaction causes subtle variations in the RR interval across cardiac cycles [16] . Therefore, the results of this study suggest that the reduction of stress by consonant music led to stabilization in the cardiovascular system via decrease in the secretion of hormones such as norepinephrine and epinephrine as well as stabilization of the sympathetic nervous system. Dissonant music may play a role as noise. Continuous noise is known to stimulate the reticular activating system, which stimulates the sympathetic nervous system and in turn leads to an excited state [3] [17] . Thus, dissonant music may act as psychological stress and cause negative responses in the human body. The results of this study highlight the importance of listening to music carefully after examining the details of the musical composition, even if the music is famous or popular.
